Introduction
In the construction of structures, machines and development of other mechanical designs, engineers and researchers always need to know the vibration characteristics of the system. The importance of studying vibrations of non-homogeneous tapered plates which are widely used in the construction of ships, aircrafts, bridges, etc., cannot be neglected. Non-homogeneity along with tapering in the plates makes the material lighter and stronger. The main purpose of the study on vibrations is to reduce unnecessary and uncontrolled vibration by making proper and accurate designs of machines and structures. In the modern era of technology, most of the structures and equipment work in high temperature fields with various boundary conditions. Therefore it becomes necessary to study the impact of the temperature variation on the vibrational properties of the structures.
Since half of the 19 th century, a lot of work has been done in the field of vibration of plates. One dimensional thickness variations were considered by many researchers. But nowadays many researchers are working on two dimensional thickness variations of the plates with different boundary conditions. Boundary conditions are essential to determine the mathematical solutions to many physical problems.
In Leissa [1] published a collection of research papers in his monograph, in which thermal effects on different shapes of the plate with various boundary conditions were discussed. In this work, the author discussed various combinations of clamped, simply-supported and free edge boundary conditions. Sobotka [2] discussed the free vibrations of orthotropic visco-elastic plates with various combinations of boundary conditions. Tomar and Gupta [3] investigated the frequencies of an orthotropic plate of varying thickness under thermal conditions. In Tomar et al. [4] again discussed the free vibrations of an infinite plate with parabolically varying thickness. Cheung and Zhou [5] studied the free vibrations of a tapered rectangular plate using the Rayleigh-Ritz method with a set of beam functions. In Lal [6] studied the transverse vibrations of an orthotropic non-uniform rectangular plate with continuously varying density. Li [7] analyzed the vibrations of a rectangular plate with general elastic boundary support. Gupta et al. [8] analyzed the transverse vibrations of a non-homogeneous orthotropic visco-elastic circular plate of varying parabolic thickness. Gupta and Sharma [9] studied the thermal effect on the frequencies of a trapezoidal plate with varying thickness and density of the material. In Khanna and Singhal [10] studied the vibrations of a viscoelastic plate with bi-dimensional thickness and temperature variations.
Here, the authors investigated the effect of various structural parameters on vibrations of a nonhomogeneous tapered isotropic rectangular plate. Tapering in thickness is considered sinusoidal. Also, the temperature variation and non-homogeneity are considered sinusoidal in the x-direction. A tabular presentation of numerical values of the first two modes of the frequency parameter at various values of the structural parameters for three boundary conditions is given.
Analysis of motion and assumptions required
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Assumption for thickness variation
In this paper, the authors assumed a new variation in thickness of the rectangular plate. It is assumed that the thickness of the rectangular plate varies sinusoidally in the x-direction, i.e.
where a is the length of the rectangular plate, β (0≤ β≤1) is the taper parameter in the x-direction and h 0 is the thickness of the plate at x=0 and x=a.. It is evident from the expression of the thickness in Eq.(2.6) that the minimum value of the thickness is h 0 (at x=0 and a) while the maximum value of the thickness is 2h 0 (at x=a/2 and β=1).
Assumption for temperature variation
Since temperature affects the vibrational properties of the rectangular plate, different combinations of temperature variation have been discussed by various authors in the available literature. In addition, the authors assumed sinusoidal temperature variation which has never been discussed earlier
where  denotes the temperature excess above the reference temperature at any point on the plate and  0 denotes the temperature excess above the reference temperature at x = 0. The temperature dependence of the modulus of elasticity can be expressed as follows [12] 
where E 0 is the value of the Young's modulus at reference temperature and  is the slope of the variation of E and . On using Eq.(2.7) in Eq.(2.8), one obtains
where,  =   0 (0 ≤ ≤0.8) is the thermal gradient.
From the values of h and E, the expression of the flexural rigidity (D 1 ) becomes   sin sin
Assumption for non-homogeneity in the plate material
Non-homogeneity in the plate material is characterized by density. The authors assumed that density varies sinusoidally in the x-direction, i.e.
where ρ is the density of the plate material, ρ 0 is the density at x=0 and α 1 is the non-homogeneity constant (0≤α 1 ≤1.0).
Boundary conditions
In this study, the authors discussed the vibration of a rectangular plate for three different boundary conditions which are usually seen in most of the mechanical designs and structures, i.e. C-C-C-C, SS-SS-SS-SS and C-SS-C-SS.
In order to discuss all these BCs, the following expressions for the deflection function are taken [16] :
For SS-SS-SS-SS,
Solution of frequency parameter
The Rayleigh Ritz technique is applied to solve the frequency equation. In this method, the maximum strain energy (S E ) must be equal to the maximum kinetic energy (K E ). So it is necessary for the problem under consideration that [11] 
In order to make the calculation easy and convenient, the authors introduced non-dimensional variables as [13] , , , ,
The expressions for the kinetic energy (K E ) and the strain energy (S E ) of an isotropic rectangular plate are as follows [8] :
Here, the suffix indicates partial differentiation. On using the above assumptions along with Eq. 
Using Eq.(3.5) and Eq.(3.6) in Eq.(3.1), one gets [9] : 
is the expression of the required frequency parameter. Equation (3.7) consists of two unknown constants, i.e. A 1 and A 2 arising due to the substitution of W. These two constants are to be determined as follows [17]   * * , ,
From Eq.(3.10), the authors obtain the following
where b n1 and b n2 include structural parameters. For convenience, the authors took A 1 =1. Now, the value of A 2 can be obtained easily. In order to get a non-trivial solution of Eq.(3.11), the determinant of Eq.(3.11) must be zero [18] 
Results and discussion
Results are obtained for an alloy of aluminum, i.e. "Duralumin" which is a visco-elastic material. For Duralumin, the following parameters are used in the calculations: The first two modes of the frequency parameter are calculated for various combinations of the structural parameters at different boundary conditions. All numerical values of the frequency parameter are shown in Tabs 1-4.
In Tab.1, the first two modes of the frequency parameter at different values of the taper parameter are placed systematically for three boundary conditions. The authors discussed the following cases iii) The first mode of the frequency parameter is maximum for C-SS-C-SS and minimum for C-C-C-C at each value of the taper parameter for all the cases. iv) The second mode of the frequency parameter is maximum for C-C-C-C and minimum for SS-SS-SS-SS at each value of the taper parameter for all the cases. In Tab.2, the frequency parameter (for the first two modes of the vibration) is calculated for increasing values of the thermal gradient from 0.0 to 0.8 at various boundary conditions for the following cases
The authors summarized the findings of Tab.2 as follows: For each fixed value of the thermal gradient, the frequency parameter (for the first two modes of the vibration) increases continuously as values of the taper parameter increase from 0.0 to 0.6, i.e. case (iv) to case (vi) for all boundary conditions. i) For increasing values of the thermal gradient from 0.0 to 0.8, the frequency parameter (for the first two modes of the vibration) decreases for all cases and boundary conditions. ii) The first mode of the frequency parameter is maximum for C-SS-C-SS and minimum for C-C-C-C for all paired values of the thermal gradient and cases (iv) -(vi). iii) The second mode of the frequency parameter is maximum for C-C-C-C and minimum for SS-SS-SS-SS for all paired values of the thermal gradient and cases (iv) -(vi). Table 2 . Frequency v/s thermal gradient. To observe the effect of the non-homogeneity constant on the frequency parameter, the authors computed the frequency parameter with increasing values of the non-homogeneity constant ( 1 ) for the following cases:
B.C.'s
Results for case (vii), case (viii) and case (ix) are presented in Tab.3. The authors analyzed the numerical results in Tab.3 in the following manner: i) For all the values of  1 the frequency parameter for both the modes of the vibration is minimum for case (vii) and maximum for case (ix) at corresponding boundary conditions. ii) The first mode of the frequency parameter is maximum for C-SS-C-SS and minimum for C-C-C-C while the second mode of the frequency parameter is maximum for C-C-C-C and minimum for SS-SS-SS-SS for all the corresponding values of the structural parameters. iii) It is interesting to note that both the modes of the frequency parameter increase as the non-homogeneity constant varies from 0.0 to 1.0 for all the cases. It also proves that the non-homogeneity in the plate material directly affects the vibration of the rectangular plate. Table 3 . Frequency v/s non-homogeneity constant. In order to analyze the effect of the size of the rectangular plate on the vibrations of the plate, the authors evaluated the frequency parameter (for the first two modes of vibration) at different values of the aspect ratio of the plate (ratio of the length to the width of the rectangular plate) at various combinations of the structural parameters for different boundary conditions and tabulated all numerical values in Tab.4. Here, the authors considered the following three cases:
On the basis of Tab.4, the following pragmatic observations were made: i) As the aspect ratio increases from 0.5 to 1.5, the frequency parameter (for the first two modes of vibration) increases continuously for all cases. ii) For each value of the aspect ratio, the frequency parameter (for the first two modes of vibration) increases as the structural parameters vary from case (x) to case (xii) at corresponding boundary conditions. iii) It is clearly seen that the frequency parameter in case (x) is minimum and it increases from case (x) to case (xii). Table 4 . Frequency v/s aspect ratio. 
a/b  =  1 =  = 0.0  =  1 =  = 0.4  =  1 =  = 0
Conclusions
On the basis of the above results and discussion, the authors conclude that an acute change in the structural parameter may affect the vibrational properties of the rectangular plate. The main goal of this study is to provide basic information about vibrations of the rectangular plate at various combinations of the structural parameters. The authors concluded the findings of this paper as follows: i) The frequency parameter (for the first two modes of vibration) is maximum for zero effect of temperature, i.e.  = 0.0 for all the values of the taper parameter. ii) The frequency parameter is minimum for uniform thickness of the rectangular plate, i.e. β =0.0 while it increases as the taper parameter increases from zero to a non-zero value. iii) The frequency parameter is minimum for the homogeneous rectangular plate, i.e.  1 =0.0 while it increases as the non-homogeneity constant increases from zero to a non-zero value. iv) The frequency parameter is maximum at a/b=1.5 and minimum at a/b=0.5. The size of the plate directly affects the vibrations of the rectangular plate. 
